Abstract. In a previous work, [1], we evaluated a classification algorithm based on the Karu-Jain method [2] and compared the performance with a fully manual method used at the Dirección Nacional de Identificación Civil (DNIC). In this paper, we analyze the high performance improvement achieved using anisotropic diffusion instead of pure averaging for the directions smoothing. We also define a quality measure that shows high correlation with the experts' criteria. The results are evaluated over 2800 images extracted from a 4 million fingerprint card archive maintained by DNIC.
Introduction
This work is part of an ongoing collaboration between the Universidad de la República and the Dirección Nacional de Identificación Civil (DNIC) concerned with civil identification affairs in Uruguay. The goal of this joint project is to evaluate an automatic fingerprint classification system compatible with the manual method that has been used by DNIC for several years. DNIC's classification scheme is based on the Vucetich system that has four fundamental classes: Arch, Right and Left Loop, and Whorl. In [1] we presented the results obtained in a first stage of the project. In this work we analyze the improvements achieved using anisotropic diffusion for direction smoothing instead of mean filters. For classification we propose some modifications to the algorithm proposed by Karu and Jain [2] . This algorithm is based on a singularities approach. The classification uses some heuristic criteria applied on the number and position of singularities.
To evaluate the algorithm we use the database described in [1], which is a representative sample of more than 4 hundred individual fingerprint cards from the national archive held by DNIC. Each card has a ten-print image and the corresponding manual classification formula provided by human experts. Given the heterogeneity of fingerprints obtained from the database, it becomes mandatory to have a quality measure in order to reject bad impressions.
We define a global quality measure that takes into account the whole fingerprint and a local quality measure that only uses the regions surrounding the singularities. To compute these measures we use Gabor Filters as described in [3] The quality of a fingerprint image is estimated using global and local features and also the number of steps in the iterative smoothing process. Based on this quality measure the fingerprints are divided into three categories: good, poor and bad. We learn the decision thresholds using a training set categorized by the DNIC experts.
The paper is organized as follows: In section 2 we describe the fingerprint database. In section 3 we describe the anisotropic diffusion algorithm. In section 4 the classification algorithm. In section 5 we present the results and the performance of the algorithm tested on our database. In section 6 we present the quality measure. Finally, in section 7 we outline the conclusions of this work.
Fingerprint Database
DNIC holds the fingerprints of more than four million people. The fingerprints of each individual are stored in a paper card as shown in [1] . The card archive is indexed and physically ordered by the ten-fingerprint classification formula of each individual. In order to test the classification algorithm, the whole paper card archive was sampled and more than four hundred cards were digitized to obtain over 4000 fingerprint digital images. The cards were digitized at a resolution of 500 dpi and the fingerprints extracted to become 512 × 480 pixels images. In [1] we showed some statistics on the sample fingerprint database.
The Anisotropic Diffusion Algorithm
The direction vector field of the fingerprint is one of the most important features used in classification algorithms. Following [2] we perform a smoothing of the directions before classification. Instead of using a simple mean filter, we propose to use anisotropic diffusion. One of the main drawbacks with the mean filter is that it rapidly destroys singularities, especially deltas. Furthermore, the number of mean filtering iterations needed to obtain a reasonable direction field depends on each fingerprint.
On the other hand, anisotropic diffusion, is well known to respect singularities better than mean filtering. Also, it is known that during the evolution of the anisotropic diffusion singularities can disappear but never be created [5] .
Although we obtained good results with the anisotropic diffusion filter, we are aware that there exist other diffusion algorithms that deal directly with directions and avoid artificial normalization steps. For example, this approach of direction diffusion was introduced in [6] , and a complete framework for direction diffusion was introduced in [8] . In [8] Tang, Sapiro and Caselles introduce the algorithms for orientation diffusion based on the harmonic maps theory. In this way, they guarantee that during the continuous evolution, the diffused orientation remain living on the unit circle. Although, the same is not valid for the
